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Abstract
In the present work we study the dynamics of runaway electrons circulating
in ohmic plasma of the Iran - Tokamak 1 (IR-T1). In this study, test electron in
momentum space including the acceleration in the toroidal electric ﬁeld, collisions
with the plasma particle and deceleration due to synchrotron radiation losses is
done. We calculate critical normalized momentum by normalized electric ﬁeld in
ohmic plasma discharge in IR-T1 and the critical energy for the runaway electrons
describing the two contributions to the radiation losses coming from the guiding
center motion and the electron gyro-motion.
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1 Introduction
In a fully ionized gas, electrons with energies higher than certain critical energy are
continuously accelerated when an electric ﬁeld is applied. The resulting high energy
electrons are called runaway electrons [1]. In tokamak, runaway electrons are often
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observed during and after a plasma disruption [2]. The analysis of the eﬀect of various
tokamak parameters on the runaways is very important. This issue is particularly im-
portant in the case of disruption since generated runaway high energy electrons damage
ﬁrst wall of Tokomak [3]. For this reason, experimental and theoretical studies are be-
ing carried out in order to determine the conditions which can provide a reduction the
eﬀect of runaway electrons during disruptions [4-8]. Runaway electrons are generated
when the accelerating electric ﬁeld acting on the electrons exceeds decelerating eﬀect
that such as collisions losses. In this paper we investigate the conditions of genera-
tion runaway electrons in ohmic plasma discharge of the Iran-Tokamak 1. The rest of
this paper is organized as follows. In section 2 basic equations are presented. Section 3
devoted to the main results and discussion. Finally, in section 4 conclusion is presented.
2 Basic Equations
The equation describing the motion of a test particle in momentum space was obtained
from the kinetic Fokker-Planck equation for the fast electron distribution. The dynam-
ics of a relativistic electron in tokamak plasma will be described using the test particle
equations [9]:
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the electron momentum parallel to the magnetic ﬁeld and total electron momentum,
respectively. γ is the relativistic gamma factor γ =
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line-averaged central electron density, the e is the absolute value of the electron charge,
me is the electron mass, ϵ0 is the vacuum permittivity, E∥ is the toroidal electric ﬁeld,
Zeff is the eﬀective ion charge, lnΛ is the Coulomb logarithm , α = 1 + Zeff, ν isA. Hojabri et al. 343
the electron velocity and Fgc = Fgy( mec
eB0R)2, Fgy =
2ϵ0B2
0
3ne lnme (R is the plasma major
radius and B0 is the toroidal magnetic ﬁled). These are parameters describing two
contributions to the radiation losses coming from the guiding center motion and the
electron gyro-motion, respectively. The ﬁrst term in Eq. (1) is the acceleration due to
the toroidal electric ﬁeld and the second term includes the eﬀect of the collision with
the plasma particles. The third term describes the eﬀect of the radiation losses coming
from the guiding center motion and the electron gyro-motion.
3 Runaway Generation
In study of runaway electrons of Iran Tokamak 1 (IR-T1), we use the typical plasma
parameters which is presented in Table 1 [10].
Parameter Value
ne 2 × 1013/cm3
Te 100eV
B0 0.7 Tesla
Zeff 2.3
R 45 cm
lnΛ 17
Table1. Typical plasma parameters of Iran Tokamak 1 (IR-T1).
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Parameter Value
ED 88.51 volt
m
E∥ ∼ =
Vloop
2πR 0.176 volt
m
ER = KTe
mec2ED 0.0172
D =
E∥
ER 10.23
Fgy =
2ϵ0B2
0
3ne lnme 9.34 × 10−3
Fgc = Fgy( mec
eB0R)2 2.74 × 10−7
Table 2. Computed parameters for Iran Tokamak 1 (IR-T1).
By numerical solving of Eqs. (1)-(2) the results are given in Figs. 1-3. Fig. 1 shows
that runaway electrons generated. The runaway electron was generated with initial
value of electron momentum parallel to the magnetic ﬁeld q∥ = −2.47. In Fig. 2, the
runaway electron isn’t generated and initial value of electron momentum parallel to
the magnetic ﬁeld is q∥ = −2.00. Figure 3 shows the phase-space plot for these plasma
parameters. The phase space (q∥,q2
⊥) is divided in two regions by the separatrix Ir. The
outside region of Ir is contains the runaway electron. The inside region of Ir electron
will collapse into the origin and they do not runaway. The system of equations (1) and
(2) have two singular points (saddle point and stable focus). The saddle point and the
stable focus give the critical energy for runaway generation and the energy limit for the
generated runaway electrons, respectively. The saddle point (q∥ = 0.32,q2
⊥ = 0.304)
was shown in Fig. 3. According to this saddle point, the critical energy for runaway
generation is 0.6 MeV .A. Hojabri et al. 345
Fig.1. The phase-space plot for generated runaway electron.
Fig. 2. The phase-space plot for non runaway generation.346 Mathematical Sciences Vol. 4, No. 3 (2010)
Fig. 3. The phase-space plot of Eqs. 1-2 with D=10.23, α = 3.3, Fgy = 9.34 × 10 3 and
Fgc = 2.74 × 10 7.
4 Conclusion
In this paper we compute critical normalized momentum by normalized electric ﬁeld
in ohmic plasma discharge in Iran Tokamak 1 (IR-T1) and the critical energy for the
runaway electrons describing the two contributions to the radiation losses coming from
the guiding center motion and the electron gyro-motion. We also obtain saddle point
in phase-space that this point gives the critical energy for runaway generation.
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